trast, in nanoporous materials with an isotropic microstructure, the interface-induced stress and strain are isotropic, and the maximum volume change is 0.45% in our samples.
In the actuator materials discussed above, the voltage-induced strain results from atomic rearrangement or charge transfer throughout the entire solid. It is therefore a materials property and only weakly dependent on the microstructure. By contrast, the induced strain in nanoporous metals is a reaction of the material to a change in its surface properties, and it is proportional to the surface-to-volume ratio, which can be varied within the bounds imposed by coarsening or by structural instability at small grain size. Because porous metals with an even higher surface-tovolume ratio than those of the present study are conceivable, one may envision that larger strain amplitudes can be attained in the future.
One may speculate on the potential of such materials for use as actuators; for instance, in devices exploiting the volume change of the porous metal to do work against an external pressure. Measures for the device performance are the volume-and mass-specific strain energy densities, which are related to the maximum relative volume change ε max , to the mean density of the porous material, and to its effective bulk modulus K* by w V ϭ 1 ⁄2 K* ε max 2 and w M ϭ w V / (w V , volume-specific strain energy density; w M , mass-specific strain energy density). For our samples, effective medium theory (supporting online text) supplies the estimate K* ϭ 9 GPa, so that w v ϭ 0.09 J/cm 3 and w M ϭ 30 J/kg. This is within the range of typical values for actuator materials, which, according to the compilation in (23) , range from 0.016 to 1.0 J/cm 3 for w v and from 4.3 to 160 J/kg for w M . The device would be most efficient when working against the matched pressure (24) 1 ⁄2 K* ε max ϭ 20 MPa. However, when loaded by that pressure, the porous samples will yield and undergo further densification, because the pressure used to consolidate the Pt black was only 1 MPa. Studies of porous Pt consolidated at the higher pressure of 40 MPa (supporting online text) show that the maximum linear strain remains significant (0.08%) in spite of an increased density, and that the matched pressure remains roughly constant, less than the consolidation pressure. Thus, there appears to be no fundamental obstacle to preparing nanoporous powder compacts that combine appreciable values of strain amplitude with sufficient strength to support a matched load without yielding. However, an as-yetunexplored issue is the extent to which creep mediated by grain boundary diffusion and surface diffusion restricts the load that can be supported over extended periods of time.
Whether devices based on nanoporous metals can achieve a competitive performance will depend crucially on the ability to achieve simultaneously high specific surface area and longterm stability against coarsening and sintering, in spite of the large driving forces for these processes arising from the surface excess free energy. In this respect, nanoporous single crystals are an attractive alternative to granular materials, because they lack the grain boundaries that provide the sources and sinks for matter promoting sintering and creep. Such materials can be prepared by selective dissolution of solid solutions, with structure sizes down to 5 nm (25) . Because many physical properties depend on the electronic density of states, the concept of reversible variation of the surface charge density in solids with such large surface-tovolume ratios may find more general applications; for instance, in preparing new types of materials with tunable electrical conductivity, optical absorption, and magnetic interactions. (7), posed a problem. This discovery led to the proposal of a low chronology for the Iron Age (2, 5) , in which the boundary between Iron I and Iron IIA is lowered by about 80 years, from ϳ1000 B.C.E. to ϳ920 B.C.E. The implication is that archaeological layers traditionally associated with the United Monarchy of David and Solomon "have become" too young. Thus an archaeological controversy arose, in which chronology is pivotal. Radiocarbon dating was not seriously used for Iron Age sites of the Near East, because the method initially lacked the required precision in historical years (8) . As high-precision calibration curves based on dendrochronology (9-13) became available, the need for an independent chronology in Near Eastern archaeology based on 14 C dating was advocated (14) . Advances were made (15, 16) and radiocarbon dates have been obtained for Iron Age sites (17, 18) , but inconsistencies and wide age ranges gave ambiguous results.
Here we report a stratified series of highquality radiocarbon dates from Tel Rehov, in northern Israel ( Fig. 1; table S1 ), ranging from the 12th to the 9th century B.C.E. We have used the most accurate procedures afforded by 14 C dating: single-year organic samples taken only from primary contexts, high-precision dating, multiple measurements, conventional and accelerator mass spectrometry (AMS) techniques (19) . The calibration precision in historical years was greatly enhanced by stratified archaeological wiggle matching (20, 21) , because successive layers cannot have the same position on the calibration curve but must follow each other in time.
Tel Rehov is located in the Beth-Shean/ Jordan Valley, some 6 km west of the River Jordan (Fig. 1) . This area constituted a major junction in the Iron Age, providing east-west and north-south routes of international importance. The tell has a size of 10 hectares, and is thus one of the largest Iron Age sites in Israel (22) . The place name Rehov appears in various Egyptian New Kingdom texts. Most important, it occurs on the list of cities conquered by Pharaoh Shoshenq I, the biblical Shishak (I Kings 14:25-26, II Chronicles 12:3-4). His Asian campaign was recorded on the southern wall of the temple of Amun at Karnak in Upper Egypt, where Rehov appears after the term "The Valley" ( probably referring to the Beth-Shean/Jordan Valley) and before the city name Beth Shean (23) . This sequence fits the local geography well (Fig. 1) .
The excavations reveal that Tel Rehov was a thriving city during the Iron Age I and IIA cultural periods (22) . The city was destroyed and rebuilt several times, which left a series of occupation strata. Three of the strata (numbered VI to IV) belong to the Iron Age IIA, containing the same kinds of artifacts found in other key sites mentioned above in relation to the Iron Age chronological controversy. Earlier layers (Strata D-6 to D-4 in excavation area D) contain ceramic assemblages typical for the Iron Age I. We present our dating results (tables S1 and S2; Figs. 2 and 3), going from young to old in the stratigraphic sequence (24) .
At the end of the Iron Age IIA, half the site was abandoned after a severe destruction of Stratum IV. A large building of Stratum IV uncovered in Area C contained rich finds, including many pottery vessels typical for Iron Age IIA, cultic objects, and a rare Greek Middle Geometric vessel. Charred cereal grains found on the floor in thick destruction debris of this building were dated by AMS, because three measurements were made on subdivided samples. The dating results were consistent, within 1 of each other. The weighted average date [2755 Ϯ 25 years before the 14 C present (yr B.P.)] gives a 1 calibrated age range of 918 to 892 yr B.C.E. with 25.4% relative probability and another age range of 880 to 836 yr B.C.E. with 42.8% relative probability (Fig. 2) . The calibration curve descends steeply and regularly during the second half of the 10th century B.C.E. and the first two decades of the 9th century (Fig. 3) . Then the calibration curve goes up around 875 B.C.E. to form a small plateau that lasts until 845 B.C.E. Hence, there are two principal options for the calibrated date of Stratum IV. The period 880 to 836 B.C.E. is most likely in probability terms, but 918 to 892 B.C.E. is also possible. Stratum V at Tel Rehov stratigraphically predates Stratum IV, although the pottery assemblages from these two strata are almost indistinguishable. Greek Proto-geometric pottery found in this level is of great importance for establishing correlation with Greek chronology. The destruction of this city is found in several parts of the tell, and Stratum V yielded the largest amounts of charred grain. Three consistent 14 C dates from Area B (locus 4218) gave a weighted average of 2786 Ϯ 25 yr B.P. Three different loci of Area C also yielded consistent dates and weighted averages of 2771 Ϯ 8 yr B.P., 2788 Ϯ 14 yr B.P., and 2776 Ϯ 9 yr B.P., respectively. The 1 and 2 calibrated age ranges (table S1; Fig. 2 ) of the various loci of Stratum V all give a distinct highest relative probability for the 10th century B.C.E., and particularly the period 935 to 898 B.C.E. These 14 C dating results match well with dates suggested by Egyptologists for the reign of Pharaoh Shoshenq I, ϳ945 to 924 B.C.E. or slightly younger (25) , and for the year of his invasion into Israel, tentatively suggested as 925 B.C.E. (25) or 918 B.C.E. (7) in correlation with biblical texts. Whatever the merits of the latter options, all possibilities fit well with our radiocarbon dates. Placing our dating results of Stratum V on the calibration curve (Fig. 3) , also with respect to Strata IV and VI, leaves no reasonable alternative but the period 940 to 900 calendar years B.C.E. Therefore, we attribute the destruction of Stratum V at Tel Rehov to Shoshenq I, as there seems to be no other historical candidate that would fit the available radiocarbon time window.
We did a computer simulation using the OxCal program (26) to evaluate which radiocarbon dates (in years B.P., with a standard deviation of 20 years) and calibrated age ranges one would obtain if 925 B.C.E. were the date for the Shoshenq invasion of Canaan. A total of 60 simulations gave individual radiocarbon dates similar to the ones we obtained for Stratum V, as well as older and younger dates. The average of the 925 B.C.E. simulations is 2795 Ϯ 20 yr B.P., which is close to our results from Stratum V. Indeed, the graphical presentation of the simulated calibrated date for 925 B.C.E. is nearly the same as our dates for Stratum V (Fig. 2) . Our 14 C results would also allow for a slightly younger date of Shoshenq's campaign within the 10th century B.C.E., because the entire period 940 to 900 B.C.E. is possible in terms of radiocarbon dating.
Four radiocarbon dates were obtained for Stratum VI. One conventional date obtained by gas counter on seeds gave a result of 2761 Ϯ 14 yr B.P. (GrN-27366) . Two AMS dates of a mixture of seeds and fine charcoal from the same basket gave older dates, 2805 Ϯ 35 yr B.P. (GrA-21054) and 2800 Ϯ 50 yr B.P. (GrA-21182) ; a third measurement yielded a young date of 2755 Ϯ 35 yr B.P. (GrA-21043) . There is one wiggle in the calibration curve from 950 to 980 B.C.E., which seems to fit the 14 C dating results for Stratum VI, in relation to the archaeological stratigraphy. The pottery assemblage of this city belongs to an early phase of the Iron Age IIA, but it differs only slightly from that of Strata V and IV. It seems that Stratum VI should be dated to the first half of the 10th century B.C.E., and perhaps closer to its middle part, as indicated by 14 Phase D-3 yielded five consistent individual radiocarbon dates from three different loci, all measured on charred olive pits found in refuse or storage pits, situated below the above-mentioned D-2 refuse. The weighted average is 2831 Ϯ 18 yr B.P., which favors a calibrated age range for the end of the 11th century B.C.E. and the first half of the 10th century B.C.E. Placing the result in stratigraphic order on the calibration curve would fit the range of 1010 to 980 B.C.E. (Fig. 3) . The only alternative possible period, 960 to 940 B.C.E., does not fit in terms of stratigraphic wiggle matching with respect to D-4 and Stratum VI. Moreover, the Late Iron Age I ceramic assemblage of D-3 is generally accepted to predate the Iron Age II-A pottery of Stratum VI.
Phases D-4a and D-4b constitute, respectively, a street surface and parts of two houses. Two consistent dates on olive pits from Phase D-4a, measured by conventional gas counter (GrN-26121, 2890 Ϯ 30 yr B.P.) and AMS (GrA-18825, 2870 Ϯ 50 yr B.P.), give a weighted average of 2885 Ϯ 26 yr B.P. The calibrated date gives a wide possible age range for the 12th and 11th century B.C.E. because the calibration curve in the 11th century is rather level ( plateau), whereas many wiggles occur between 3000 and 2900 yr B.P. for the period 1250 B.C.E. to 1130 B.C.E. However, putting our 14 C dating results in stratigraphic C.E, the period 1090 to 1050 B.C.E. seems to fit best in stratigraphic sequence on the calibration curve (Fig. 3) .
Phase D-6 (upper) consists of occupation debris above a floor (locus 2836) in which charred olive pits were found. Two consistent dates, both measured by conventional gas counter (GrN-26118, 2920 Ϯ 30 yr B.P.) and AMS (GrA-18826, 2950 Ϯ 50 yr B.P.), give a weighted average of 2928 Ϯ 26 yr B.P. The 1 calibrated range lists five possible periods in between 1209 to 1050 B.C.E. Considering the stratigraphic sequence and the ceramic assemblage, the period 1130 to 1090 B.C.E. on the calibration curve seems most likely (Fig. 3) . The pottery is typical for the second half of the 12th century, probably slightly after the end of New Kingdom Egyptian presence in parts of Canaan, which occurred at some time in the period 1150 to 1135 B.C.E., during the reigns of Pharaohs Ramesses IV to VI (23, 25) .
In conclusion, the radiocarbon results, in relation to archaeological, historical, and biblical data, lead us to propose a modified traditional chronology for the Iron Age in the Levant (table S2 ). The modification is that the Iron Age IIA cultural period includes both the 10th and much of the 9th century B.C.E. (ϳ980 to 835 B.C.E). There is only one known historical candidate that fits the destruction date of Tel Rehov Stratum V, 940 to 900 B.C.E., based on 12 high-quality 14 C dates: the invasion of Pharaoh Shoshenq I.
Our research negates an important argument of the low chronology theory, namely, that Iron Age IIA ceramic assemblages should be confined exclusively to the 9th century B.C.E. The 14 C dating results imply that it is difficult to distinguish between "Solomonic" and "Omride" pottery. The site of Ta'anach (27) , about 8 km southeast of Megiddo (Fig. 1) , is also mentioned on the Karnak list of places destroyed by Shoshenq. Period II-B pottery at Ta'anach, assigned to 960 to 918 B.C.E. (27) and to the 9th century in the low chronology (28) , is identical to that found in Tel Rehov Stratum V. Period II-B ended in a fierce destruction, which can be related to Shoshenq's campaign in view of our results.
Because Shishak (Shoshenq I) is mentioned as a contemporary of Solomon in biblical texts, we find it plausible to retain the linkage of specified archaeological assemblages (Rehov Stratum V, Ta'anach II-B, Hazor X, Megiddo VB, and perhaps also VA-IVB, etc.) to the United Hebrew Monarchy. Our results also have implications for the chronology of Cyprus and Greece because imported pottery from both countries was found in Tel Rehov Strata V and IV. It appears that the traditional chronology of Greece can be maintained, but for Cyprus, older dates seem appropriate for some pottery groups (29, 30) .
